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(57) ABSTRACT 

A thick metal layer is formed on a semiconductor integrated 
circuit in multiple different deposition chambers. A ?rst por 
tion of the metal layer is formed in a ?rst deposition chamber, 
the ?rst thickness being approximately half the target thick 
ness. The substrate is then removed from the ?rst chamber 
and transported to a second chamber. The deposition of the 
same metal layer continues in a second chamber, having the 
same grain structure and orientation. The second portion of 
the metal layer is grown to achieve the ?nal thickness. By 
using two different deposition chambers to form the single 
metal layer, layers in excess of 25,000 angstroms in thickness 
can be obtained. 

15 Claims, 8 Drawing Sheets 
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METHOD AND STRUCTURE OF A THICK 
METAL LAYER USING MULTIPLE 

DEPOSITION CHAMBERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a divisional of US. patent application 
Ser. No. 10/437,871, ?led May 13, 2003, now pending, which 
application is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

This invention is in the ?eld of depositing metal on a 
semiconductor chip and more particularly to depositing very 
thick layers of metal using multiple deposition chambers. 

BACKGROUND OF THE INVENTION 

Semiconductor chips frequently have between two and 
seven layers of metal above the silicon. The metal layers 
provide interconnection to the various transistors in silicon as 
well as transmit power, clock, and data through various por 
tions of the chip. In order to improve the circuit operation, it 
is often desirable to have very thick metal layers. Metal layers 
in excess of 18,000 angstroms, which is 1.8 microns, has 
particular bene?ts in certain type of technologies. For 
example, in certain high-speed, low-resistance applications, 
inductive coils for RF applications, power distribution, and 
other circuits, very thick metal is bene?cial. Under well 
known semiconductor deposition processes, it is common to 
deposit metals in the range of 2,000-6,000 angstroms in thick 
ness. However, depositing metal layers having an overall 
thickness greater than 15,000 angstroms creates a number of 
dif?culties. As the deposited metal becomes taller on the 
wafer, defects begin to increase in various parts of the ?nal 
circuit. In some instances, there are wafer breakages while in 
other instances, metal shorts may occur. Additional problems 
are encountered in the chamber which holds the wafer during 
the metal deposition. In some instances, the metal may be 
suf?ciently thick that a layer of metal at the edge of the wafer 
connects between the wafer and the clamp holding the wafer 
such that the wafer sticks to the clamp. This wafer sticking 
problem leaves a residue on the clamp, and in the worst 
situations, may connect the wafer to the clamp so that it 
breaks, or to avoid breakage must physically dislodged in 
order to remove it. Another problem is the increase in the 
thermal budget of the chamber during deposition of a thick 
metal layer which causes many portions of the chamber to be 
subjected to a higher temperature for longer periods of time 
than is preferred. Another signi?cant disadvantage is the 
throughput speed with which thick metal can be deposited. 
Only a few wafers can be processed at a time and signi? 
cantly, more time is taken for the thick deposition step with 
respect to the chamber operation, resulting in a heavy 
throughput loss. 
A further problem is the quality of the metal which is 

obtained during a thick deposition. With a very thick metal 
layer, the metal grains are often abnormal and discontinuities 
resulting in loss of yield due to abnormal grain growth 
become more frequent. In addition, as time passes during the 
deposition process the grain growth may vary drastically 
within the deposition chamber, causing a portion of the metal 
to have a bad grain structure compared to other portions in the 
metal layer potentially causing lower conductivity or, in 
worst cases, potential failure of the circuit during operation. 
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2 
Despite the shortcomings, people in the industry continue 

to have the desire to deposit thick metal layers, in excess of 
15,000 angstroms, and continue to make efforts to do so. 

BRIEF SUMMARY OF THE INVENTION 

According to principles of the present invention, a single 
thick metal layer is deposited using multiple deposition 
chambers. According to one embodiment, the metal is grown 
to a ?rst thickness in a ?rst deposition chamber under selected 
pressure and temperature conditions . After this ?rst portion of 
the metal layer is grown, the wafer is transferred out of the 
?rst deposition chamber into a transfer chamber. From the 
transfer chamber, the wafer is moved into a second deposition 
chamber where additional metal is deposited in the same 
metal layer to a second thickness. The two metal deposition 
steps result in a single layer of metal which is contiguous and 
has lower conductivity and considerably greater thickness 
than has previously been possible with a single deposition 
chamber process. 

According to preferred embodiment, the thickness of the 
metal layer is in the range of 25,000-30,000 angstroms, which 
corresponds to between 2.5-3 microns (10,000 angstroms 
equals 1 micron). Metal layers grown according to this tech 
nique have substantially higher reliability, no yield loss due to 
abnormal aluminum grains, and an assurance of high conduc 
tivity of all thick metal layers throughout the entire circuit. 
Additional advantages are obtained in the manufacturing pro 
cess since low thermal budget of each chamber is needed and 
there is no wafer sticking or breakage problem. A further 
advantage is that there are no particular limitations on the 
process conditions and the single metal layer can be produced 
in two deposition process steps with the transfer step in 
between the depositions. 
A further advantage is that the correct grain orientation is 

obtainable from the ?rst to the second deposition processes so 
that the ?nal layer is a single metal layer that has uniform and 
clean grain orientation throughout. 

According to one embodiment of the present invention, a 
wafer is ?rst placed in a de-gas chamber which helps to 
remove water vapor and other unwanted gasses from the 
wafer. A cleaning step is next, after which a titanium layer is 
deposited on the wafer to a thickness of about 100 angstroms. 
A ?rst portion of the metal layer is then deposited to a thick 
ness of approximately half the desired end thickness, for 
example, 10,000-12,000 angstroms in thickness. The ?rst 
deposition process is carried out by ?rst depositing a cold 
seed layer followed by a hot deposition at a slow speed. The 
wafer is then transferred out of the ?rst deposition and into a 
second deposition chamber. In the second deposition cham 
ber a second portion of the same metal layer is deposited, 
however, using different process steps than the ?rst metal 
portion of the same metal layer. First, heat is applied in order 
to extend the grain boundaries so that a smooth grain transi 
tion can occur for the deposition of the second portion. A hot 
deposition is then carried out so as to match the grain structure 
of the ?rst portion of the same layer. After the ?rst, slow, high 
temperature deposition is carried out, then a faster, high tem 
perature deposition is carried out within the second chamber 
in order to more rapidly grow a thick metal layer. The metal is 
deposited approximately to the same thickness as the ?rst 
portion, for example, 10,000-12,000 angstroms, though in 
some instances, the second deposition may deposit consider 
ably more metal than the ?rst deposition process deposited. 
The ?nal metal thickness in the range of 25,000-30,000 ang 
stroms is obtained. The wafer is then transferred to another 
metal deposition chamber in which a different type of metal, 
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such as titanium nitride, of 300 angstroms in thickness is 
deposited on top of the second metal layer. 

The ?rst and second metal layers are preferably aluminum 
or an aluminum alloy, such as aluminum-copper, or a tung 
sten alloy, a copper alloy or some other acceptable metal. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

FIG. 1 is a cross-sectional view of a metal layer made 
according to principles of the present invention. 

FIG. 2 is an enlarged cross-sectional view of a second 
metal layer made according to principles of the present inven 
tion. 

FIG. 3 is a cross-sectional view of a metal layer made 
according to one embodiment of the present invention. 

FIG. 4 is an exemplary embodiment of a layer of metal 
made according to another embodiment of the present inven 
tion. 

FIG. 5 is a cross-sectional view of multiple metal and 
insulating layers in which the ?fth metal layer is made accord 
ing to principles of the present invention. 

FIG. 6 is a three-dimensional view of a top metal connec 
tion line made according to principles of the present inven 
tion. 

FIG. 7 is a perspective view of two metal interconnection 
lines, both of which have been made according to principles 
of the present invention. 

FIG. 8 is a ?owchart of the prior art process for making 
metal lines. 

FIG. 9 is a ?owchart according to one embodiment of the 
present invention. 

FIG. 10 is a schematic representation of an apparatus for 
carrying out the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 illustrates a single metal layer made according to 
principles of the present invention. As can be seen in FIG. 1, 
it is a generally uniform metal layer 10 in the range of 25,000 
angstroms in thickness, which is 2.5 microns. The layer 
shown in FIG. 1 has been made by deposition in two separate 
chambers at different times, one portion 26 of the layer being 
deposited ?rst and a second portion 28 of the layer being 
deposited second. The deposition, having been done accord 
ing to principles of the present invention does not have a 
separation between the ?rst and second portions 26, 28 but 
rather is a single contiguous metal layer. 

FIG. 2 is a second example of a metal layer 12 made 
according to principles of the present invention. This metal 
layer has a thickness of in the range of 25,000-28,000 ang 
stroms in thickness and has uniform grain throughout, having 
been made according to principles of the ?rst embodiment of 
the present invention. 
Some marks in the metal are clear in the photograph, but 

there are lines that extend diagonally based on other features 
in the metal. Even though the metal was grown in two cham 
bers, one after the other, a contiguous single metal layer 
having the uniform grain structure and orientation has 
resulted, as can be seen from the photograph. 

FIG. 3 illustrates a further example of a metal layer 14 
made according to principles of the present invention. This 
metal layer 14 is positioned on an underlying layer 16 and has 
a plurality of insulating layers formed into single layer 18 
positioned on the sides and bottom. FIG. 3 illustrates that 
there is no oxidation of the aluminum in between the two 
portions 26, 28 of the metal deposition, the structure having 
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4 
been made according to principles of the present invention. 
The metal layer 14 as shown in FIG. 3 has been patterned and 
etched, after which the insulation layer 18 was formed there 
over. This can be seen by viewing the layer 14, the grain is 
generally uniform throughout the entire thick layer and a 
distinct transition from one portion of the layer to another 
portion is not present. Rather, a single metal layer is obtained 
with uniform characteristics. 

FIG. 4 illustrates a thick metal layer made according to a 
second embodiment of the present invention. In the second 
embodiment, the metal layer 24 has a ?rst portion, or sub 
layer, 26 and a second portion, or sublayer, 28. The ?rst 
portion 26 is made in a ?rst deposition chamber to a ?rst 
thickness, in one embodiment until approximately in the 
range of 12,000-1 5,000 angstroms. The wafer is then 
removed from the ?rst chamber and placed in an oxygen 
containing atmosphere for a period of time. In one embodi 
ment, the oxygen-containing atmosphere is ambient air and 
the wafer is placed at ambient air at local temperature and 
pressure for a period of time. For example, in the range of 1 
minute to 2 hours. In the embodiment shown in FIG. 4, the 
wafer has been exposed to ambient air for approximately 2 
hours, however, the time will usually be much shorter, such as 
1 minute or less. During this exposure, a thin oxide layer 30 
formed on top of the ?rst metal portion 26 due to oxidation of 
the metal in the air. After the thin oxide layer 30 formed, the 
wafer was placed in the second chamber and the second 
portion of the layer 28 was deposited thereon. Even though a 
thin oxide layer 30 is formed in between the ?rst portion 26 
and the second portion 28 of the metal layer 24, the second 
metal deposition was in electrical contact with the ?rst metal 
deposition such that the stack behaved as a single metal layer. 
The oxidation layer 30 was quite thin and, when voltage or 
current is placed on the metal layer 24, the entire layer 24 acts 
as a single metal layer and thus is an acceptable embodiment 
according to principles of the present invention. In some 
embodiments, the grain structure will not be uniform 
throughout and the orientation may change, but a single metal 
layer still results. Thus, even if the wafer is exposed to air or 
other oxygen containing atmosphere between the two depo 
sitions, an acceptable layer is obtained. 

FIG. 5 is a cross-sectional view of the plurality of metal and 
insulating layers according to principles of the present inven 
tion. A semiconductor substrate 32 is provided having one or 
more conductive regions 34 therein. A ?rst insulating layer 36 
is formed over the substrate over which is formed a ?rst metal 
layer 38. As will be appreciated, one or more polysilicon 
layers forming the gates 33 of various transistors 29 having 
source/drain regions 34 may be positioned under the insulat 
ing layer 36. Only one such transistor is shown which has a 
polysilicon and metal silicide gate 33 and a gate oxide 31. As 
will be appreciated, numerous types of transistors, including 
MOS, DMOS, Bipolar, CMOS, and silicon germanium may 
be formed in the semiconductor substrate. While only one 
transistor is shown, any acceptable types of transistors 29 or 
conductive regions 34 may be formed and used in combina 
tion with the present invention. The invention is particularly 
useful with RF circuits and some circuits that contain germa 
nium as a semiconductor. 

One or more polysilicon layers 35 may be formed above 
the insulating layer 36. 
A suitable interconnect structure 40, such as a tungsten 

plug, is used to connect the ?rst metal layer to the conductive 
region 34 of the substrate 32. The formation of such a con 
ductive plug 40 is well known in the art and any acceptable 
such connection connecting metal may be made. The ?rst 
metal 38 can be any acceptable, such as tungsten or a tungsten 
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alloy. An insulating layer 42 is positioned on top of the ?rst 
metal layer 38 on top of which is a second metal layer 44. 
Overlying the second layer 44 is another insulating layer 46 
on top of which is a third metal layer 48. Each of the metal 
layers 38, 44, and 48 may have approximately the same 
thickness of each other. The metal layers may be composed of 
any acceptable conductive metal, such as aluminum, alumi 
num-copper alloy (AlCu), copper, tungsten alloy or some 
other acceptable metal of the type well known in the art. Each 
of the metal layers 38, 44, and 48 will generally be in the range 
of 7,000-l2,000 angstroms in thickness though, of course, 
some may be thinner and some slightly thicker. A preferred 
embodiment in some designs is approximately 8,000 ang 
stroms in thickness. Generally, each of the ?rst, second, third 
and fourth metal layers may have approximately the same 
thickness as each other. 

According to principles of the present invention, an upper 
metal layer, in this example the ?fth metal layer, has a thick 
ness which is in excess of two times the thickness of at least 
one of the underlying metal layers. Preferably, the ?fth metal 
layer has a thickness in the range of 25,000-28,000 ang 
stroms. In some embodiments, one or more of the ?rst to third 
metal layers will have a thickness and range of 8,000 ang 
stroms. Thus, the ?fth metal layer is approximately three 
times as thick as any such other metal layers. 

Having a substantially thicker metal layer permits different 
structure to be constructed in a ?fth metal layer for a particu 
lar circuit application. For example, an inductor can easily be 
made in the ?fth metal layer, as can other RF circuit compo 
nents. 

According to one embodiment, the thick metal layer 58 is 
an upper layer on top of which is formed a further insulating 
layer 60 over which additional metal layers may be formed 
according to the techniques which have been described with 
respect to the lower layers in FIG. 5. According to an alter 
native embodiment, the thick metal layer 58 is the uppermost 
metal layer and no other metal layers are formed higher than 
it. In many embodiments, semiconductor chips have 6, 7, 8 or 
even more metal layers. Preferably, the thickest metal layer is 
usually the uppermost metal layer, though of course it can be 
an intermediate metal layer, such as metal 4 in a 5 metal 
process or metal 7 in an 8 metal process. 

Placing the thickest metal layer as the uppermost metal 
layer has some signi?cant advantages. Since the thick metal 
layer is the uppermost metal layer, it is not necessary to 
etching an opening through the ?fth metal layer or form an 
interconnect therewith. Thus, using the uppermost metal 
layer as the thickest metal layer has some distinct advantages 
in fabrication of the semiconductor as well as circuit opera 
tion. 

FIGS. 6 and 7 are perspective SEM views of a thick metal 
layer formed according to principles of the invention. An 
insulating layer 54 is provided on top of which the metal layer 
58 is formed. The metal layer is aluminum-copper alloy of 
between 20,000 angstroms and 25,000 angstroms in thick 
ness.As previously noted, 1 micron equals 10,000 angstroms. 
A titanium nitride layer 64 is formed on top of the AlCu layer 
58 in one embodiment. The layer 60 has been etched and 
patterned so as to form a metal interconnection layer of the 
desired con?guration. As can be seen in FIG. 7, the metal 
layers can be etched to very small geometries, having line 
widths one-half or one-quarter of the thickness of the metal 
layer 58. As shown in FIG. 7, channels between adjacent 
metal connectors also having very small dimensions, less 
than 1 micron. The examples of FIGS. 6 and 7 are exemplary 
only and it will be appreciated that even smaller dimensions 
of the lateral width of the metal layer 58 and the spacing 
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6 
between adjacent metal connection strips can easily be per 
formed, depending on the design rules of the semiconductor 
being manufactured. 

FIG. 8 illustrates a ?owchart of an exemplary prior art 
technique. When it was desired to obtain a thick aluminum 
layer, the recipe for this particular process started in step 70 
followed by the deposition of a titanium ?lm in step 72. 
Preferably, the titanium ?lm was approximately 75 angstroms 
in thickness. Following this, in step 74, a thick aluminum 
layer was deposited in a single chamber. Such an aluminum 
alloy layer might be in the range of 10,000-25,000 angstroms. 
It was very dif?cult, and often not possible to reliably form 
aluminum alloy layers in excess of 25,000 angstroms based 
on the problems previously discussed. In order to improve the 
likelihood of obtaining an acceptable aluminum-copper layer 
in a single chamber, it was known in the art to begin the 
deposition of the aluminum with a cold seed process in which 
a small amount of aluminum was seed deposited onto the 
titanium ?lm. After the cold seed layer was deposited, a slow 
hot deposition was carried out which increased the rate at 
which the aluminum was deposited onto the substrate. After 
carrying out the slow hot deposition for a period of time, a fast 
hot deposition was carried out at increased power so as to 
more rapidly grow the layer. Following the fast hot deposition 
step until the aluminum was at the end thickness, a titanium 
nitride layer of approximately 300 angstroms was deposited 
on the aluminum in step 76. As previously noted, the above 
prior art technique for forming the aluminum layer often 
resulted in grain discontinuities throughout the aluminum 
layer. As the layer became thicker, production of reliable 
layers having high yield became increasingly dif?cult. Con 
sequently, the prior art often reduced the thickness of the layer 
in order to obtain higher yields thus not being able to obtain 
the technical advantages of a thick metal layer for those parts 
of the integrated circuit operation. 

FIG. 9 illustrates a process for forming a thick aluminum 
alloy layer according to a ?rst embodiment of the second 
invention. At the start 80 of the recipe a wafer 99 (see FIG. 10) 
is placed into a ?rst chamber and oriented to a desired posi 
tion. This is done using a notch alignment technique as is 
known in the art. The wafer 99 may enter a chamber to degas 
any water vapor that may be present and ensure outgassing of 
other unwanted materials. The wafer 99 is then transferred to 
another chamber where a preclean step is carried out. The 
preclean step may be carried out by any acceptable tech 
niques, such as a deionized water rinse, a cleaning etch under 
RF power, wet etch or other acceptable cleaning techniques. 
As is known, form time to time during the process steps the 
wafer may accumulate a very thin oxide layer, for example, 
20 to 50 angstroms in thickness due to oxidation of the sur 
face. Generally, such oxide layers are unwanted and it is 
desirable to remove the layers prior to proceeding to the next 
step. Accordingly, a preclean step is carried out in which the 
upper surface of the wafer 99 is etched or otherwise cleaned 
to remove any built up oxide or other layers thereon so as to 
expose the desired underlying layer, whether insulator or 
conductor. 

Next, step 82, the wafer enters a ?rst chamber in which a 
titanium layer is deposited. Preferably, the titanium layer has 
a thickness of approximately 100 angstroms, however, other 
thicknesses may be grown, such as 50-150 angstroms. The 
titanium ?lm is grown with a crystal orientation of 1 11 so as 
to create the proper foundation layer. The titanium layer 
assists in controlling the grain boundary and orientation of the 
aluminum layer to be grown thereafter. The next chamber is 
then prepared to receive the wafer during which the ?rst 
portion of the metal deposition will occur in step 84. In 
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preparation for receiving the wafer, the chamber is evacuated 
of gases as much as practically possible so as to have a very 
low pressure within the chamber. Preferably, the pressure is 
nearly a vacuum being in the range of 1><10_8 Torr or less. It 
is desired to have the chamber at least evacuated suf?ciently 
that the pressure is at 1><10_6 Torr or less and, in a preferred 
embodiment, the pressure in the chamber is lower than 
1><10_8 Torr. Having a lower pressure in the chamber reduces 
the chances of growing a thin oxide layer as the wafer is 
passed into the deposition chamber. Any prechamber in 
which the wafer is positioned is similarly evacuated of air so 
that the chamber from which the chamber is transferred in is 
also at a low pressure, similar to that of the deposition cham 
ber so as to maintain the deposition chamber at a low pressure 
when the wafer enters. 

Turning now to FIG. 10 and following the steps in FIG. 9, 
the wafer 99 is within an incoming transfer chamber 100 as it 
is prepared to enter the ?rst chamber 102 for the deposition of 
the ?rst layer of aluminum. Upon entering the ?rst chamber 
102 in step 84, the wafer is held in the proper position with a 
wafer clamp, a chuck or other acceptable equipment. The ?rst 
chamber 102 is preheated to a temperature of 450° C. so as to 
provide a hot ambient environment for the aluminum depo 
sition. During the ?rst part of the process step, the gas ?ow is 
stabilized during which a small amount of argon gas is ?owed 
into the chamber. In one embodiment, the room temperature 
argon gas is 55 scc which is ?owed in for 5 seconds. During 
the ?ow-in, deposition does not occur and the DC power is 
zero. This ?ow of argon gas causes the pressure in the cham 
ber to rise to approximately 1><10_3 Torr. Following the gas 
purge ?ow for approximately 5 seconds, a cold deposition of 
aluminum is carried out for approximately 12 seconds. Dur 
ing the cold deposition of aluminum, power at a rate of 
approximately 14,000 watts is applied to the wafer and a cold 
seed layer is created. The cold seed layer is formed in this 
manner to obtain grain boundaries oriented with respect to the 
underlying titanium layer. The wafer enters the chamber at a 
wafer temperature of about 100° C. and the wafer takes 
between 30 to 40 seconds to begin to heat up. Thus, during the 
cold seed layer the wafer is not yet at a high temperature and 
the aluminum deposition rate in the range of approximately 
220 angstroms per second. The ?ow of cold argon continues, 
at the rate of 55 scc during the cold seed layer step. The cold 
seed layer is grown until a desired thickness is obtained, 
usually in the range of 8 to 15 seconds, with a preferred time 
being approximately 12 seconds. In some embodiments, the 
cold seed layer may be grown for a shorter period of time, for 
example, less than 5 seconds so that its total thickness is less 
than 400 angstroms. 
As the wafer is in the chamber, it begins to heat up. In 

addition, at the conclusion of the cold seed layer step, hot 
argon gas is ?owed into the chamber at the bottom of the 
wafer so as to more rapidly heat the wafer to carry out a hot 
deposition step. For example, hot argon may be ?owed in at a 
rate of 15 scc and the cold argon at a rate of 40 scc. The power 
is at 4,000 watts thus carrying out a slow deposition of the 
aluminum in a hot deposition process. The hot deposition of 
aluminum at the slow rate continues for a desired period of 
time, in the range of 40-120 seconds in order to achieve a 
desired layer. In one embodiment, the hot deposition is car 
ried out for approximately 60 seconds. This ?rst deposition is 
at a slower rate at a relatively low power thus providing more 
consistent grain growth between the cold deposition layer and 
the hot deposition layer so as to have a contiguous, uniform 
metal layer without unusual grain boundaries or grain sizes 
therein. This forms the ?rst portion 26 of the metal layer 12, 
as shown in FIG. 2. The remainder of the ?rst portion 26 of the 
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8 
metal layer 12 may be completely grown using a slow growth 
rate under hot deposition conditions. The use of the heated 
argon gas, as well as the extended period of time within the 
chamber at 4500 C. raises the wafer temperature to approxi 
mately that of 4500 C. within the ?rst minute that the wafer is 
in the chamber. The deposition of metal with a power of 4,000 
watts can continue until the desired thickness is achieved. 
However, the time should be suf?ciently low to avoid thermal 
problems in the ?rst chamber 102 and in forming the overall 
layer 12. It is desired that the wafer does not spend an 
extended time period within the ?rst chamber. Preferably, the 
time within the ?rst chamber is less than 5 minutes and, in the 
preferred embodiment the total time in the ?rst chamber is 
less than 2 minutes, including the gas stabilization step, cold 
deposition step and hot deposition step. In one embodiment, 
it is desired to deposit aluminum at a faster rate so that the 
wafer spends less time in the ?rst chamber. In this embodi 
ment, the DC power may be increased to increase the depo 
sition rate. For example, the DC power may be increased to 
10,000 watts while maintaining the hot argon gas ?ow of 15 
scc and a cold argon gas ?ow of 40 scc. This substantially 
increases the rate at which the aluminum is deposited so that 
a relatively thick aluminum layer can be deposited in a shorter 
period of time. Of course, slightly less power or slightly more 
power may be applied to vary the deposition rate at different 
portions of the process as well as the temperature of the 
chamber and the temperature and ratio of hot argon to cold 
argon gas. 
The ?rst portion 26 of the metal layer is deposited to a 

desired thickness depending on the circuit being formed. 
Preferably, the ?rst portion 26 is approximately 40%-50% of 
the desired end metal layer. Thus, the deposition is carried out 
until a thickness of approximately 10,000-15,000 angstroms 
is achieved. 

Following the completion of the ?rst aluminum sublayer 
26, the ?rst chamber is purged of gas and the argon is pumped 
out so as to restore the ?rst chamber to a higher vacuum, 
preferably in the range of 1><10_7 to 1><8_8 Torr. In summary, 
the ?rst metal deposition step is carried out in the following 
sequence. A purge of the chamber in argon gas for approxi 
mately 5 seconds followed by a cold seed growth step for 
approximately 10-15 seconds followed by a slow hot depo 
sition step for approximately 40-80 seconds and, in some 
embodiments followed by a high-speed hot deposition step 
for approximately 20-60 seconds and a gas purge for approxi 
mately 5 seconds. The total time which the wafer spends in 
the ?rst chamber is in the range of 100-600 seconds and, in a 
preferred embodiment is less than 180 seconds and in some 
embodiments may be less than 120 seconds. 
The wafer then leaves the ?rst chamber 102 and moves into 

a transfer chamber 104 in step 88. The transfer chamber is a 
small connecting chamber between the two deposition cham 
bers so as to maintain the wafer at low pressure and ensure it 
is not exposed to ambient air or impurities. The transfer 
chamber is preferably evacuated to the same pressure as the 
same chamber following the deposition process, in the range 
of 1><10_7 to 1><10_8 Torr or lower. The wafer 99 leaves the 
transfer chamber 1 04 and enters the second chamber 106, also 
in step 88. Within the second chamber 106 a second portion 
28, or sublayer 28, of the same ?rst metal layer is deposited. 
The second chamber 106 is maintained at a high tempera 

ture, such as 4500 C., so as to facilitate the deposition of 
aluminum. When the wafer ?rst enters the second chamber 
106, it is held in the chamber at an elevated temperature 
without DC power applied and no deposition for a period of 
time. For example, it may be held for 10 seconds with heated 
argon gas at 4500 C. This causes the aluminum grains of the 
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?rst portion of the layer to grow and extend, step 90 of FIG. 9. 
Under normal circumstances, the growth of the aluminum 
grains is considered detrimental to a metal deposition process 
and steps are usually taken to reduce the growth of the alu 
minum grains during the deposition. However, in the two 
chamber deposition process according to one embodiment of 
the present invention it is desired to ensure that the grain 
orientation of second portion 28 of the second deposition 
sublayer 28 aligns correctly with the ?rst portion 26 of the 
deposition layer so that discontinuities are not present. 
Accordingly, it is desirable to cause a small amount of grain 
growth so that when the subsequent deposition begins in the 
second chamber the second deposition layer will align with 
the grains of the ?rst deposition layer to be of the same grain 
structure and also orientation and form one contiguous layer 
12. Accordingly, for a short period of time the wafer is left in 
the second chamber under conditions that facilitate growth of 
the grains. This is achieved by having a higher ratio of hot 
argon gas to cold argon gas ?ow across the wafer while 
maintaining the wafer in the chamber. In one embodiment, 
hot argon gas at a volume of 20 scc and cold argon at a volume 
of 15 scc ?ows across the wafer thus maintaining a high 
temperature and encouraging the growth of the grains at the 
exposed surface of the ?rst portion of the aluminum layer. The 
grains are grown for a short period of time, for example 5-20 
seconds and, in a preferred embodiment 10 seconds or less. 
This short period of time is suf?cient to slightly enlarge the 
grains so that subsequent metal deposition will be aligned 
with the grains of the prior metal step. The step to enlarge the 
grains is not necessary in all embodiments and the invention 
can be practiced without this step if desired. 

Following the grain growth step, a slow hot deposition step 
92 is carried out in which the metal is nucleated onto the 
grains of the ?rst portion 26 of the metal layer 12. For 
example, a DC power of approximately 4,000 watts is applied 
during the ?rst step 92 of the deposition of the second metal 
sublayer 28 in order to nucleate the new grains of the second 
portion 28 of the metal layer 12 onto the existing grains of the 
?rst portion 26 of the metal layer 12. The deposition contin 
ues for a desired time period in order to continue growth of the 
layer 12, for example in the range of 20-40 seconds. 

During this time, the ratio of hot to cold argon gas can be 
reduced, if desired, for example to having approximately 15 
scc of hot argon gas and 40 scc of cold argon gas. During the 
hot deposition carried out at a slow rate, the power can be 
maintained at approximately 4,000 watts or at a somewhat 
reduced power in order to ensure that a smooth contiguous 
layer is formed during the deposition process. According to 
one embodiment, the slow, hot deposition 92 in the second 
chamber is carried out for 30 seconds at 4,000 watts of power 
and then for an additional 30 seconds at 2,000 watts of power. 
Thus, the ?rst portion of the deposition process is approxi 
mately 60 seconds in length though, its length may be varied 
depending on the desired thickness of the end metal layer to 
be deposited. Following the slow, hot deposition step 92, a 
rapid deposition in step 94 is carried out for a period of time 
to more quickly achieve the desired thickness. During the 
rapid deposition, the power is increased to 10,000 watts for a 
period of time until the desired thickness is achieved. For 
example, the rapid growth may be carried out for approxi 
mately 40-60 seconds in order to obtain a second portion of 
the metal layer having a thickness in the range of 12,000-18, 
000 angstroms and, in a preferred embodiment 12,500 ang 
stroms. This results in a single metal layer 12 in the range of 
25,000-30,000 angstroms in thickness having been formed in 
the two deposition chambers. 
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Following the growth of the metal layer, a titanium nitride 

layer is deposited to a thickness of approximately 300 ang 
stroms using techniques known in the art. 
According to one alternative embodiment, the wafer is 

transferred from the ?rst chamber 102 to ambient air before 
entering the second chamber 106. It thus passes through a 
standard ambient atmosphere rather than via an evacuated 
transfer chamber. In this alternative embodiment, the wafer is 
removed from the ?rst chamber by the appropriate robotic 
equipment and transferred to the second chamber which may 
be spaced some distance from the ?rst chamber depending on 
the con?guration of the equipment. During such a transfer 
process in which the wafer is completely removed from the 
evacuated chamber and placed in the ambient atmosphere a 
thin oxidation layer may grow on the exposed surface of the 
wafer, including the ?rst metal layer. Even if such a thin layer 
grows, it does not disrupt the conductive properties or reli 
ability of the single metal layer. By growing the grains in step 
90 prior to forming the second sublayer 28, the effects of the 
thin oxide layer, even if present are substantially reduced so 
that the two portions 26, 28 of the metal layer behave as a 
contiguous metal layer and have the conductive and mechani 
cal properties of a uniform metal layer. Thus, while it is 
preferred to transfer the wafer from the ?rst chamber 102 to 
the second chamber 106 under the appropriate vacuum con 
ditions and within transfer chamber 104, according to an 
alternative embodiment it may be transferred from the ?rst 
chamber to the second chamber in an ambient atmosphere or 
one containing oxygen. 
An advantage of the present invention is that a thick alu 

minum layer is obtained which may be used in a number of 
circuit components. One bene?t of the present process is the 
achievement of the correct grain orientation during growth in 
the second chamber process following the growth in the ?rst 
chamber process. The advantage of such a metal layer is that 
there are no yield losses due to abnormal aluminum grains, a 
low chamber thermal budget is achievable and wafer sticking 
and breakage problems are overcome. Of course, the process 
can be repeated in a third or more chambers to form a metal 

layer far in excess of 25,000 angstroms. In addition, the 
process conditions are conducive to high throughput and pre 
ventive maintenance is minimized. Such a metal layer is 
useful in such products as silicon germanium products, bipo 
lar DMOS processes, bipolar CMOS processes. Preferably, 
the thick metal layer is the uppermost metal layer, such as 
metal 4, metal 5, metal 6 or higher. 
From the foregoing it will be appreciated that, although 

speci?c embodiments of the invention have been described 
herein for purposes of illustration, various modi?cations may 
be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as 
by the appended claims. 
The various embodiments described above can be com 

bined to provide further embodiments. All of the U. S. patents, 
US. patent application publications, US. patent applica 
tions, foreign patents, foreign patent applications and non 
patent publications referred to in this speci?cation and/or 
listed in the Application Data Sheet are incorporated herein 
by reference, in their entirety. Aspects of the embodiments 
can be modi?ed, if necessary to employ concepts of the 
various patents, applications and publications to provide yet 
further embodiments. 

The invention claimed is: 
1. A method of forming a metal layer, comprising: 
depositing a ?rst metal on a substrate to a ?rst thickness in 

a ?rst deposition chamber; 
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transferring the substrate out of the ?rst deposition cham 
ber; 

moving the substrate into an environment having an atmo 
sphere containing some oxygen after transferring the 
substrate out of the ?rst deposition chamber; 

forming a thin oxide layer on the ?rst metal layer while in 
the atmosphere; 

moving the substrate into a second deposition chamber 
different from the ?rst deposition chamber; and 

depositing a second metal on the thin oxide layer, overlying 
the ?rst metal to a second thickness in the second cham 
ber, wherein the second metal is the same as the ?rst 
metal to obtain said metal layer; and 

the ?rst metal and second metal are electrically connected. 
2. The method of growing the metal layer according to 

claim 1, further comprising: 
cleaning the substrate before depositing the ?rst metal. 
3. The method of growing the metal layer according to 

claim 2, wherein the step of cleaning the substrate includes: 
placing the substrate in a de-gas chamber to remove water 

vapor and other unwanted gasses from the substrate. 
4. The method of growing the metal layer according to 

claim 1, further comprising: 
depositing a titanium layer on the substrate prior to depos 

iting the ?rst metal. 
5. The method of growing the metal layer according to 

claim 1, wherein the second thickness is approximately equal 
to the ?rst thickness. 

6. The method of growing the metal layer according to 
claim 1, wherein said metal layer thickness is in the range of 
25,000-30,000 angstroms. 
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7. The method of growing the metal layer according to 

claim 1, wherein said step of depositing the ?rst metal is 
carried out by depositing a cold seed layer on the substrate 
followed by a hot deposition. 

8. The method of growing a metal layer according to claim 
1, further comprising: 

placing a vacuum on the ?rst chamber to a pressure in the 
range of 1><10_6 Torr or less. 

9. The method according to claim 8, wherein the pres sure is 
in the range of 1><10_8 Torr or less. 

10. The method of growing a metal layer according to 
claim 1, wherein the step of depositing the second metal 
comprises the steps of: 

applying heat to the substrate for a period of time without 
depositing metal; 

depositing the second metal at a ?rst rate in high tempera 
ture deposition; and 

depositing the second metal at a second rate faster than the 
?rst rate in a high temperature deposition. 

11. The method of growing a metal layer according to 
claim 1, further comprising, after depositing the second 
metal, depositing another metal on the metal layer of a dif 
ferent type of metal from the metal layer. 

12. The method of growing a metal layer according to 
claim 11, wherein said another metal is titanium nitride. 

13. The method of growing a metal layer according to 
claim 1, wherein the metal layer is an aluminum alloy. 

14. The method of growing a metal layer according to 
claim 1, wherein the metal layer is a tungsten alloy. 

15. The method of growing a metal layer according to 
claim 1, wherein the metal layer is a copper alloy. 

* * * * * 
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